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Abstract: A series of imidazole-based ionic liquids (ILs) have been synthesized and examined as potential alternative media for CO, sequestration. Several novel ionic liquids have been synthesized with the
specific intent of modulating the electronic properties of the imidazole ring. Direct modulation electronics has allowed for faster CO, uptake kinetics as well as allowed for lower temperatures to be used in

release of the bound CO,.
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Current Liquid Soprtion Processes for CO,

* Aqueous solutions of amines (i.e. monoethanol amine, diethanolamine)

* Pros

— High Capacity
— Fast Kinetics

— Low Initial Cost

* Cons
— Corrosion

— Volatility

— High Regeneration Cost

Tonic Liquids as alternative Media for CO, Sorption

* Cons
— Viscosity
— High Initial Cost

* Pros

— No Vapor Pressure

— High Thermal Stability
— Modular Properties

Binding of CO, Within lonic Liquids

Task Specific Ionic Liquids bearing Hydroxyl Groups

Tonic liquids (ILs) bearing alcohol functionalities were synthesized and | \‘,‘/ T
examined for CO, uptake capacity. The ILs were “activated” towards oo
reactivity with CO, via deprotonation of the hydroxyl group by an (j)‘\J ( )\J
organic superbase. The formed alkoxide showed high reactivity towards o [
CO,, chemically binding the CO, as a carbonate moiety. The overall ~

IL/superbase system is reversible, showing release of the chemically M

bound CO, beginning at approximately 110 °C. Km
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Deprotonation of the hydroxyl moiety by the organic superbase allows for
CO, to be bound chemically as a carbonate.

CO, Binding Via Deprotonation of Imidazole Ionic Liquids

The central C2 carbon of imidazole rings displays significant acidity,
and is capable of being deprotonated via reactions with strong bases.
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This deprotonation of the central carbon yields an ‘activated’ imidazole
ring, which has been shown to bind CO, via the C2 carbene. Using this
established property, several ILs were reacted with organic superbases
and examined for CO2 binding capabilities. The examined systems not
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only showed high capacity and reversibility, but afforded less viscous 1000
samples as compared to their hydroxyl-bearing congeners.
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CO, binding was monitored by
IR, with the diagnostic C-O
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Imidazolium ILs exhibit significant acidity at the central C2 carbon. CO, is
bound by the generated carbene as a carboxylate moiety.
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stretch appearing around 1669.
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Electronically Diffuse lonic Liquids

Several ILs were synthesized with the intent of modulating the CO2 binding properties of imidazole-based ILs. Electron withdrawing groups
were tethered to various positions of the imidazole backbone to probe the affect these groups would have on the overall system. In addition to
positional affects, withdrawing affects were examined by addition of larger pi-conjugated systems.

N-Vinyl Based Imidazolium Ionic Liquids
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N-Vinyl Based ILs synthesized for this study (above). Ancillary alkyl
chains were substituted to control viscosities.
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CO, capacities for compounds 1-A through 1-D

Representative kinetic data of

e compound 1-A. CO2 was
ot bubbled through an equimolar
o solution of the IL and DBU
o (superbase) at a rate of
— approximately 30 ml/min, for 30

minutes.. The weight was
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Long term stability of the IL-superbase was examined
via repeated absorption/desorption cycling. CO2 was
bubbled through the solution for 30 minutes after which
the sample was placed in an oil bath at 70degC under N2
for 30 minutes. Addition of vinyl groups lowered the
regeneration temperature by approximately 13% as
compared with Bmim[TF,N].

Fused Ring Based Imidazolium Ionic Liquids
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CO, capacities for compounds 2-A, 2-B and 2-C
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Kinetic plot of compound 2-C 2350
for a single sorption cycle of 28
CO,. While the total capacity of 257
the IL-superbase system was 2058

near 110% (mol/mol), maximum 2085

Total weight ()

chemical absorption was sase
achieved in less than 5 minutes 205
of exposure to CO,. This shows 252
a 50% increase in uptake rate as 01

compared with Bmim[TF,N]. 2050
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» Tonic liquids provide a viable alternative as a medium for CO, capture.

» We are able to tune the properties of ILs via systematic additions of electron
withdrawing groups tethered directly to the imidazole backbone.

» Preliminary results indicate a lowering of CO, desorption temperature and
an increase in CO, uptake Kinetics.

» Further modulation, via addition of novel ancillary chains, should provide a
more optimized system overall.
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